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Description 

[0001] The invention relates to a transaction terminal, 
and has application tor example to an automated teller 
machine (ATM). 

[0002] One function of an ATM is to dispense bank 
notes to a user. With some ATMs the user can also de- 
posit documents or envelopes containing bank notes 
and obtain financial information. A standard ATM having 
the facility to dispense bank notes includes electronic 
control means connected to both a currency dispenser 
unit and a user interface device. As is well known, in 
operation of such an ATM a user inserts a user identity 
card into the machine and then enters certain data, such 
as a personal identification number (PIN) and the quan- 
tity of currency required to be dispensed, by means of 
a key pad incorporated in the user interface device. The 
ATM will then process the requested transaction, dis- 
pense notes extracted from one or more storage cas- 
settes within the currency dispenser unit, update the us- 
er's account to reflect the transaction and return the card 
to the user as part of a routine operation. 
[0003] In order to dispense cash to a user, bank notes 
held in one or more of the storage cassettes in the cash 
dispenser unit of the ATM are extracted by pick means 
and fed one by one to stacking means from where they 
are fed to an output slot in the ATM. The feed means for 
feeding notes to and from the stacking means typically 
include arrays of rubber rollers and/or endless belts. 
Documents and envelopes deposited in the ATM may 
be conveyed to a deposit storage bin. 
[0004] One form of pick means commonly used in 
ATMs includes pivotably mounted pick arms provided 
with rubber suction pads and connected to an air pump 
means. In operation, a bank note is picked out of an as- 
sociated storage cassette by a pair of pick arms and 
moved into engagement with the note feed means. 
[0005] In operation of an ATM, various malfunctions 
may occur from time to time. For example, bank notes 
may become jammed in the feed path, the pick means 
may fail to pick a bank note from the associated storage 
cassette, or there may occur multiple feeding in which 
two or more notes are fed in superposed relationship to 
the stacking means. 

[0006] The problems discussed above may be 
caused by wear of components in the dispenser unit or 
by changes in the ambient conditions in the vicinity of 
the ATM. For example, if the ambient temperature is low 
the rubber suction pads and the feed rollers and belts 
will be less resilient and will grip the notes less securely. 
This may result in the suction pads failing to form a vac- 
uum seal with a note and consequently failing to pick 
the note, or in the feed means slipping with respect to 
each of the notes and causing bunching which may re- 
sult in the notes becoming jammed or giving rise to mul- 
tiple or gulp feeding. 

[0007] When ATM malfunctions, such as those dis- 
cussed above, occur the ATM may be shut down until 



the malfunction is rectified, which will require the inter- 
vention of a trained operator, or in the event of multiple 
feeding the picked notes will be diverted to a purge bin 
resulting in less efficient operation of the ATM. 
s [0008] US 4,81 3,475 discloses a walk-in kiosk hous- 
ing an ATM, where the kiosk has temperature and hu- 
midity controllers for controlling the ambient conditions 
(temperature and humidity) in the kiosk so that the ATM 
operates correctly. However, there is no disclosure of 
10 sensors for monitoring the operating characteristics of 
the ATM, and for controlling the operation of the ATM in 
response to the monitored operating characteristics. 
[0009] US 5,253,167 discloses a remote mainte- 
nance system comprising a supervisor and an ATM. The 
75 ATM has imaging means located therein for sending an 
image to the remote supervisor to aid in remote main- 
tenance to repair a fault. There is no disclosure of any 
means for monitoring the operating characteristics of an 
ATM for optimising the operation of the ATM. 
[0010] It is an object of the present invention to alle- 
viate the problems discussed above and to enhance ter- 
minal operation. 

[0011] According to the present invention there is pro- 
vided a transaction terminal including control means for 
controlling the operation of said terminal, and a plurality 
of ambient environmental condition sensors in commu- 
nication with said control means, characterized in that 
the terminal further comprises a plurality of sensors for 
monitoring the operating characteristics of said terminal, 
and said control means has stored therein data charac- 
teristic of predetermined acceptable terminal operation, 
and is arranged to compare the outputs of said sensors 
with said data, said control means being arranged to al- 
ter terminal operation in response_to said outputs in or- 
der to maintain said acceptable terminal operation. 
[0012] An advantage of the present invention is that 
the terminal can alter its operation in order to compen- 
sate for wear of components and changes in ambient 
conditions, and thereby reduce the likelihood of terminal 
malfunctions occurring. The terminal may also be con- 
trolled so as to rectify malfunctions without the need for 
intervention by an operator, thereby reducing the down- 
time of the terminal, i.e. the time for which the terminal 
is out of service. 

[0013] An embodiment of the present invention will 
now be described, by way of example, with reference to 
the accompanying drawings, in which: 

Fig. 1 is a perspective view of an ATM in accordance 
with the present invention; 
Fig.2 is a side elevational view of a cash dispenser 
unit of the ATM of Fig. 1, the dispenser unit having 
two pick means, and parts of said unit being omit- 
ted; 

Fig.3 is an enlarged side elevational view of one of 
the pick means of Fig.2; and 
Fig.4 is a block circuit diagram of the ATM of Fig. 1 . 
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[0014] With reference to Figs. 1 and 4 there is illus- 
trated an ATM 2 in accordance with the present inven- 
tion, which includes a control means in the form of a cen- 
tral processor unit (CPU) 4 which has stored therein a 
control program which controls the operation of the ATM 
2 in dependence upon information gained from a plural- 
ity of sensors 1 1 0- 1 20. If sensors are added or removed 
from the terminal 2 the program may be updated. The 
program monitors and optimises the operation of the 
ATM 2. 

[001 5] The CPU 4 is connected to a user interface de- 
vice 6 incorporating a slot 8 (Fig. 1 ), connected to a con- 
ventional card reader 1 30 (Fig.4), for receiving a user 
identity card, a key pad 10 for inputting data, a screen 
12 for displaying user information, and an output slot 14 
for dispensing bank notes to a user. The CPU 4 is also 
connected to a cash dispenser unit 1 6 (Fig.2) and a con- 
ventional printer 1 22 (Fig.4) for printing documents such 
as statements, receipts and account balances. 
[0016] Referring particularly to Figs.2 and 3, the cash 
dispenser unit 16 includes two similar pick means 18 
arranged one above the other and respectively associ- 
ated with two storage cassettes 20 which are removably 
mounted in a supporting framework 22 of the dispenser 
unit 16. Each of the storage cassettes 20 is arranged to 
contain a stack of bank notes 24, corresponding long 
edges of which are supported on a horizontal support 
plate 26 mounted in the storage cassette 20. The stack 
of notes 24 in each storage cassette 20 is urged by a 
spring loaded pusher member 28 towards a stop mem- 
ber 30 mounted at the front end of each storage cassette 
20. An opening 32 is formed in the front end of each 
storage cassette 20, the opening 32 being closed nor- 
mally by conventional shutter means (not shown) when 
the storage cassette 20 is not mounted in the dispenser 
unit 16. When a storage cassette 20 is mounted correct- 
ly in the dispenser unit 16, the shutter is automatically 
retracted to enable notes 24 to be extracted through the 
opening 32 by the associated pick means 18. 
[0017] Each pick means 18 includes a tubular mem- 
ber 34 which extends between, and is rotatably mounted 
with respect to, side walls 36 and 38 (Fig.3) of the frame- 
work 22. Two conventional pick arms 40, each incorpo- 
rating a rubber suction pad 42, are secured on each tu- 
bular member 34, each pick arm 40 communicating with 
the interior of the associated tubular member 34. Cor- 
responding ends of the tubular members 34 project be- 
yond the side wall 38, and are each connected by a re- 
spective swivel elbow connector 44 to a respective rub- 
ber tube 46 via which reduced pressure is applied in op- 
eration to the respective tubular member 34. The suc- 
tion force produced by a suction pump 1 40 (Fig.4) is ap- 
plied to a first note 24' in the stack of notes 24 in the 
storage cassette 20 via the tubular members 34 and 
suction pads 42, when the suction pads 42 are in contact 
with the first note 24' and a solenoid valve 142 (Fig.4) 
located between the suction pump 140 and the suction 
pads 42 is opened. 



[0018] A gear segment 48 is secured to that part of 
each tubular member 34 projecting beyond the side wall 
38, the gear segment 48 being in co-operative engage- 
ment with a toothed end portion 50 of a first arm of a 
5 respective bell crank lever 52 which is pivotably mount- 
ed on a stud 54 secured to the outer surface of the wall 
38. Each lever 52 is urged to rotate in a counter clock- 
wise direction with reference to Fig.3 by means of a 
spring 56 the ends of which are respectively attached to 
10 the side wall 38 and to the end of the second arm of the 
lever 52. A stud 58 is secured to one side of each lever 
52, the stud 58 engaging in a cam track 60 formed in an 
associated cam member 62. Each cam member 62 is 
secured to a respective gear wheel 64 which is rotatably 
mounted on a respective shaft 66 projecting from the 
outer surface of the side wall 38. The gear wheels 64 
are driven by gear wheels 68 forming part of a gear 
mechanism 69 operated by a main electric drive motor 
70 (Fig.4). In operation, with the drive motor 70 ener- 
gised, the gear wheels 64 are rotated in a clockwise di- 
rection with reference to Fig. 3. This rotation of the gear 
wheels 64 brings about an oscillatory pivotal movement 
of the levers 52 by virtue of the engagement of the studs 
58 in the cam tracks 60, the springs 56 holding the studs 
58 in engagement with the inner edges of the cam tracks 
60. By virtue of the engagement of the gear segments 
44 with the toothed portions 50 of the levers 52, the os- 
cillatory movement of the levers 52 brings about an os- 
cillatory pivotal movement of the assemblies of the tu- 
bular members 34 and the associated pick arms 40. As 
will be explained in more detail later, the oscillatory 
movement of either of the assemblies of the tubular 
members 34 and the associated pick arms 40 is effec- 
tive to cause notes 24 to be picked one by one from the 
stack of notes 24 held in the associated storage cassette 
20. 

[0019] The ATM 2 incorporates a motor sensor 110 
which includes a timing disc 72 (Fig.3) secured to the 
face of each gear wheel 64 remote from an associated 
cam member 62. The timing disc 72 is for the most part 
transparent but incorporates an arcuate opaque strip 74 
extending around just over half the periphery of the disc 
72. Each timing disc 72 is associated with optical sens- 
ing means, comprising an LED (not shown) and a co- 
operating photo- transistor sensor 113, which is ar- 
ranged to sense the opaque strip 74. In operation, as 
each assembly of a gear wheel 64 and the associated 
cam member 62 and timing disc 72 rotates in response 
to energization of the drive motor 70, the associated 
sensor 113 generates output signals in response to the 
sensing of the leading and trailing edges of the associ- 
ated opaque strip 74. It should be understood that the 
signals generated by each of the sensors 113 provide 
indications as to the precise positions of the associated 
pick arms 40 at the times when these signals are gen- 
erated. 

[0020] As the drive motor 70 is a variable speed motor 
then the speed of rotation of the drive motor 70 can be 
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varied in order to vary the time tor which the pick arms 
40 hold the associated suction pads 42 in contact with 
a first note 24' in the stack of notes 24 in one of the stor- 
age cassettes 20, before attempting to pick the first note 
24' from the storage cassette 20. If the solenoid valve 
1 42 is opened just after the suction pads 42 are brought 
into contact with the first note 24' then varying the period 
for which the suction pads 42 are held in contact with 
the first note 24' will vary the suction force applied to the 
first note 24' , as will be discussed in more detail below 
[0021] The suction force applied to the first note 24' 
prior to attempting to pick the first note 24' from the stor- 
age cassette 20 can also be varied by varying the delay 
between operating the pump 1 40 and opening the sole- 
noid valve 1 42 to apply the suction force to the first note 
24'. The longer the delay prior to opening the solenoid 
valve 142 the larger the suction force produced by the 
suction pump 140 will be. 

[0022] Therefore, the suction force used in picking the 
first note 24' can be varied by varying either the speed 
of rotation of the drive motor 70 or varying the delay prior 
to opening the solenoid valve 1 42. 
[0023] The dispenser unit 16 also incorporates feed 
rollers 77 for feeding the bank notes 24 along a feed 
path 78 from each of the storage cassettes 20 to a stack- 
ing wheel 82 and on to the output slot 14, the rollers 77 
being associated with co-operating first and second roll- 
ers 79 and 80 which are positioned at the opening 32 in 
the front of each storage cassette 20. 
[0024] In the course of a normal pick operation the 
lower long edge of the first bank note 24* of the stack of 
notes 24 in a selected one of the storage cassettes 20 
is pulled partly out of the storage cassette 20 under the 
suction force applied by the respective suction pads 42, 
and is fed between the associated first and second roll- 
ers 79,80. As the rollers 79,80 engage the bank note 24' 
they urge the note 24' into the feed path 78 for feeding 
by the rollers 77. 

[0025] The stacking wheel 82 is arranged to receive 
notes 24 fed along the feed path 78. The stacking wheel 
82 serves to stack notes 24 picked from one or both of 
the storage cassettes 20 so as to form a bundle 84 of 
notes for delivery to the output slot 14 for collection by 
the user. 

[0026] The stacking wheel 82 is driven by the drive 
motor 70 and is arranged to rotate continuously in op- 
eration in a counter clockwise direction. Multiple note 
detection means 144 (Fig.4) are provided between the 
upper transport mechanism 85 and the stacking wheel 
82 for detecting any multiple feeding of notes. The stack- 
ing plates 86 are spaced apart in parallel relationship 
along the stacker wheel shaft 88, each stacking plate 
86 incorporating a series of curved tines 90. The tines 
90 of the stacking plates 86 pass between portions of a 
rockably mounted stripper plate assembly 94. In opera- 
tion, each note fed along the feed path 78 to the stacking 
wheel 82 enters between adjacent tines 90 and is car- 
ried partly around the axis of the stacking wheel 82, the 



note being stripped from the wheel 82 by the portions of 
the stripper plate assembly 94 and being stacked 
against belt means 95. The belt means 95 co-operates 
with belt means 98 normally held in the position shown 

5 in Fig.2. When the bundle of notes 84 (or possibly a sin- 
gle note only) to be dispensed to a user, in response to 
a cash withdrawal request, has been stacked against 
the belt means 95, the belt means 98 is rocked in a 
clockwise direction about a shaft 100 so as to trap the 

io bundle 84 of notes between the belt means 95 and the 
belt means 98. It should be understood that in the course 
of this rocking movement separate belts making up the 
belt means 98 pass between adjacent pairs of the stack- 
ing plates 86. 

is [0027] Assuming that none of the notes 24 in the bun- 
dle 84 have been rejected for any reason, the belt 
means 95 and 98 are operated so as to drive the bundle 
84 to an adjacent pair of belt means 102 and 104. The 
belt means 102 and 104 serve to drive the bundle 84 
through the output slot 1 4 to a position where the bundle 
84 can be collected by the user of the ATM 2, a shutter 
106, which serves to close the slot 14 when the ATM is 
note in operation, having previously been retracted to 
an open position. 

[0028] It should be understood that the belt means 95 
and 98 are mounted in resilient relationship relative to 
each other, and the belt means 102 and 104 are also 
mounted in resilient relationship relative to each other, 
so that bundles of notes of varying thickness can be held 
between, and fed by, the belt means 95 and 98 and the 
belt means 102 and 104. 

[0029] The belt means 95,98,102 and 104 are driven 
under the control of the CPU 4 by a bi-directional step- 
ping motor 71. 

[0030] If a multiple feeding has been detected in the 
course of stacking the bundle of notes B4 against the 
belt means 95, or if one or more of the notes in the bun- 
dle 84 have been rejected for any other reason, then the 
stripper plate assembly 94 is rocked into the position 
shown in chain outline in Fig.2, and the belt means 95 
and 98 are operated to feed the bundle 84 in a direction 
opposite to the normal feed direction, the bundle 84 be- 
ing deposited in a purge bin 108 via an opening in the 
top thereof. Also, if a bundle 84 of notes or a single note 
24 is mis-aligned or becomes jammed between the 
stacking wheel 82 and the output slot 14 then the step- 
ping motor 71 can be operated so as to cause the belt 
means 95,98, 1 02 and 1 04 to drive the note 24 or bundle 
84 of notes in the forward and the reverse direction re- 
peatedly, in an attempt to unblock the currency jam or 
to realign the bank note 24 or bundle 84 of bank notes. 
[0031] An ATM 2 in accordance with the present in- 
vention incorporates a plurality of sensors 110-120 (Fig. 
4) in communication with the CPU 4 arranged to monitor 
the operation of the ATM 2 and the ambient conditions. 
The CPU 4 is adapted to alter the operation of the ATM 
2 in dependence on the output of the sensors 110-120 
so as to reduce the number of malfunctions that occur 
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in operation. The sensors 110-120 comprise: the first 
motor sensor 110 located adjacent the drive motor 70; 
a second motor sensor 112 located adjacent the step- 
ping motor 71, the second motor sensor 112 including 
a photo-transistor sensor (not shown) arranged to de- 
tect the speed of the stepping motor 71 ; a purge bin sen- 
sor 114 located adjacent the entrance to the purge bin 
108 and arranged to detect the deposition of a single 
note 24 or a bundle 84 of notes in the purge bin 108; a 
plurality of optical bank note location sensors 116 locat- 
ed along the teed path 78 and between the stacking 
wheel 82 and the output slot 1 4 and arranged to monitor 
at any instant the presence or absence of notes 24 at 
different locations within the ATM 2; a plurality of tem- 
perature sensors 118 located within the ATM 2, provid- 
ing the CPU 4 with an accurate measure of the temper- 
atures at selected locations throughout the ATM 2; and 
a plurality of humidity sensors 120 also located within 
the ATM 2 so as to provide the CPU 4 with an accurate 
measure of the ambient humidity at selected locations 
throughout the ATM 2. 

[0032] When the ATM 2 is operating, the sensors 
1 10-120 continually monitor the operation of the ATM 2 
and ambient conditions and communicate the informa- 
tion obtained to the CPU 4. For example, the tempera- 
ture sensors 118 may detect that the ambient tempera- 
ture within the ATM 2 is lowerthan a predetermined tem- 
perature. On receipt of this information the CPU 4 will 
bring about one or more of a number of actions in order 
to reduce the likelihood of a malfunction occurring. 
Thus, for example, the CPU 4 may reduce the speed of 
the drive motor 70 which drives the rollers 77, 79, 80 
thereby reducing the likelihood of slippage between a 
note 24 and the rollers 77, 79, 80 while the note 24 is 
being fed through the dispenser unit 16. As the drive 
motor 70 also controls the positioning of the pick arms 
40, reducing the speed of the drive motor 70 will cause 
the rubber suction pad 42 of the pick arms 40 to be held 
adjacent the first note 24* in the corresponding storage 
cassette 20 for an increased period of time thereby in- 
creasing the suction force applied to the note 24'. The 
exact increase in time that the rubber suction pads 42 
are held in contact with the first note 24' prior to picking 
will depend on the ambient temperature detected by the 
temperature sensors 118. 

[0033] Alternatively, the CPU 4 may increase the suc- 
tion force applied to the first note 24' by increasing the 
delay prior to opening the solenoid valve 142 to apply 
the suction force to the first note 24\ as discussed 
above. 

[0034] The CPU 4 obtains temperature information 
from each of the temperature sensors 118 which can be 
processed separately so that the CPU 4 can vary the 
operation of individual components of the ATM 2 de- 
pendent on their temperatures so as to optimize the op- 
eration of the ATM 2. For example, a temperature sen- 
sor 118 is located in each of the storage cassettes 20 
and at various locations throughout the feed path 78. If 



the first storage cassette 20 is at a higher temperature 
than the second storage cassette 20 a note 24 will be 
picked from the second storage cassette 20 more slowly 
than from the first storage cassette 20 in order to com- 
5 pensate for the lower temperature in the second storage 
cassette 20. Also the speed of the motor 70 can be al- 
tered while a note 24 is being fed along the feed path 
78 in order to compensate for differences in ambient 
temperature detected by the temperature sensors 118 
located throughout the feed means 78. 
[0035] The CPU 4 also monitors by means of the sen- 
sor 114 the deposition of a note 24 or a bundle 84 of 
notes in the purge bin 108. If the CPU 4 finds that the 
rejection rate is tending to increase then the CPU 4 will 
cause the speed of the drive motor 70 to be reduced, 
which action will normally be successful in reducing the 
rejection rate. Under the control of the control program 
stored therein, the CPU 4 maintains the time taken to 
dispense a bundle 84 of notes as low as possible while 
limiting the number of times that notes 24 are rejected 
to a predetermined acceptable percentage of total pick 
operations. 

[0036] A feature of the ATM 2 in accordance with the 
present invention is that the operating characteristics 
and ambient conditions of the ATM 2 are monitored and 
its operation is altered in dependence thereon in order 
to optimise its operation. 

[0037] The ATM 2 is also arranged to attempt to rectify 
malfunctions, such as currency jams, which would nor- 
mally require the intervention of an operator. For exam- 
ple, if a jam has occurred, depending on where the jam 
has occurred, the CPU 4 may cause different actions to 
be carried out in order to attempt to clear the jam. If the 
jam is located between the stacking wheel 82 and the 
output slot 14 the stepping motor 71 can be caused to 
follow a particular routine likely to succeed in freeing the 
jam, which may involve driving the belt means 94,95 , 
102 and 104 at different speeds and in the forward and 
reverse direction. However, if the jam is located between 
one of the storage cassettes 20 and the stacking wheel 
82 no action can be taken to unblock the jam as the drive 
motor 70 is a unidirectional motor and consequently the 
feed means 77,79 and 80 can only be driven in one di- 
rection with respect to the feed path 78. In this case an 
error message is produced by the CPU 4 to inform the 
operator of the location of the currency jam. 
[0038] Other parameters and errors may be detected 
by the sensors 110-120 and the above examples are 
presented in order to illustrate the operation of an ATM 
2 in accordance with the present invention. For exam- 
ple, the ambient humidity, which may affect the suction 
force required to pick notes 24 from the stack of notes 
24 in the selected storage cassette 20, is monitored 
through humidity sensors 1 20 and the ATM operation is 
altered as necessary in order to compensate for varia- 
tions in humidity. 

[0039] As with ambient temperature, humidity affects 
the ability of the suction means 42 to pick notes 24. If 
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the ambient humidity is low so that the notes 24 are dry 
the suction pads 42 will be able to separate the first note 
24' from the remaining notes 24 in the storage cassette 
20 relatively easily. However, if humidity is high, the 
notes 24 may become moist and each may tend to stick 
to the adjacent note 24. Therefore, if humidity is high, 
the pick means 18 will require a greater suction force to 
pick notes 24 from the storage cassettes 20. Therefore, 
with high humidity, the suction pads 42 may be held in 
contact with the first note 24' for a longer period of time 
than would be the case for a low ambient humidity. 
[0040] When designing an ATM 2 in accordance with 
the present invention an engineer will in parallel create 
a plurality of computer models of acceptable ATM oper- 
ation. Each of the models will relate to a specific ATM 
function and will comprise "objects 0 which define the 
component parts of the ATM 2 and "tasks" which define 
the function to be carried out by each component i.e. the 
range of times for which the suction pads 42 can be held 
in contact with a first note 24' to pick the note 24' from 
the storage cassette 20. 

[0041] Thus the objects and their associated tasks 
model predetermined acceptable operation of the ATM 
2, when in use. 

[0042] The sensors 110-120 transmit their data to a 
task processor 124, within the CPU 4, through an input/ 
output (I/O) card 126 which incorporates a plurality of 
individual ports (not shown) assigned to each of the sen- 
sors 110-120. Additional ports on the I/O card 126 are 
each assigned to individual components of the ATM 2, 
through which the CPU 4 controls the operation of the 
ATM 2. The CPU 4 further includes a "rule base" which 
is stored in a first memory 136 and which is accessed 
when the sensors 110-116 detect a trend away from the 
predetermined acceptable operation of the ATM 2. The 
rule base defines a set of sequential steps which can be 
taken by the task processor 124 to determine why said 
trend has arisen and how, if possible, the condition 
which caused the trend can be rectified. For example, 
the task processor 124 may, in accordance with the rule 
base, determine that there has been a change in ambi- 
ent temperature through the temperature sensors 118. 
The rule base may then instruct the task processor 1 24 
to alter the speed of rotation of the motor 70 and/or the 
motor 71 in an attempt to alleviate the problem. 
[0043] When the ATM 2 is activated for use, the first 
of the plurality of computer models is loaded into the 
task processor 124 from a second memory 138 (Fig.4) 
and becomes operational. The initial model which is 
loaded into the task processor 1 24 is a card reader mod- 
el which models predetermined acceptable operation of 
the card reader 130 (Fig.4). The model is loaded auto- 
matically when a card is input into the card slot 8 (Fig. 
1) in the ATM 2. The model includes a list of initial and 
final settings for, and details of acceptable operation of, 
components of the reader 130 including: a card trans- 
port means; a transport means motor; and a reader 
head, as well as details of the time for which the motor 



must operate to pass the card under the reader head so 
as to read data from the card. Also, as the card is nor- 
mally stored in the card reader 1 30 until the ATM trans- 
action is complete, the model also includes the instruc- 
5 tion required from the ATM 2 to cause the reader to 
present the card to the user. 

[0044] Once the user has gained access to the ATM 
2 and prior to the initial service being requested by the 
user, an initialisation model is loaded into the task proc- 
w essor 124. The initialisation model includes initial set- 
tings for the movable components of the ATM 2 includ- 
ing the main drive motor 70, the stepping motor 71 , the 
pick means 18, the stripper plate assembly 94 and the 
pivotably mounted belt means 98. When the initialisa- 
*5 tion model is loaded into the task processor 1 24, the task 
processor 1 24 causes each of these components or ob- 
jects to become operational and to move, in their norma! 
manner, until sensors associated with one or more of 
the components detect movement of the components 
and send signals to the task processor 1 24, through the 
I/O card 126, thus confirming that the each of the sen- 
sors is operating correctly. The task processor 124 then 
instructs each of these components to move to their in- 
itial operating position, which is confirmed by the asso- 
ciated sensors. The ATM 2 is then ready to act upon a 
service request from the user. 

[0045] Assuming the user requests the withdrawal of 
currency from the ATM 2, then the appropriate currency 
withdrawal model will be loaded into the task processor 
124. There are two currency withdrawal models, a first 
model which models acceptable ATM operation when 
picking a note from the first storage cassette 20 and a 
second model which models acceptable ATM operation 
when picking a note from the second storage cassette 
20. 

[0046] A request for an amount of currency to be dis- 
pensed will be processed by the task processor 1 24 into 
a combination of dispensing actions, picking notes from 
one or other of the storage cassettes 20 dependent on 
the amount of currency requested and the quantity and 
denominations of the notes in each of the storage cas- 
settes 20. For example, if the first storage cassette 20 
contains £10 notes and the second storage cassette 20 
contains £20 notes, a request for the withdrawal of £40 
can be completed by picking two £20 notes or four £10 
notes or one £20 note and two £10 notes. Depending 
on the quantity of notes in each of the storage cassettes 
20 the task processor 124 will make a determination as 
to which of the above combinations of notes will be dis- 
pensed, and will instruct the pick means 18 to pick the 
appropriate number of notes from one or both of the stor- 
age cassettes 20. Each time a note 24 is picked from 
the first or second storage cassette 20, the appropriate 
first or second currency withdrawal model will be run in 
the task processor 124 and the actual operation of the 
ATM 2, determined by the sensors 110-11 6, will be com- 
pared with predetermined acceptable ATM operation as 
defined by the model. For example, if the sum is to be 
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made up of four £10 notes taken from the first storage 
cassette 20, then the first currency withdrawal model will 
be run in the task processor 124 four times, i.e. each 
time a note 24 is picked, and the actual picking operation 
will be compared in the task processor 124 with the pre- 
determined acceptable operation, as defined in the 
model. 

[0047] The models can best be explained by consid- 
ering the passage of a note 24 through the ATM 2. The 
currency withdrawal models commence with the mova- 
ble components of the ATM 2 in their initial positions, as 
the initialisation model will have been run prior to the 
request for a cash withdrawal. The models each state 
the range of acceptable times for which the suction pads 
42 can be held in contact with the note 24' as a vacuum 
force is built up to pick the note 24' from the associated 
storage cassette 20, as discussed above. The actual 
time the suction pads 42 are held against the note 24' 
will be determined by the task processor 1 24 dependent 
on information from the sensors 110-120, as discussed 
above, thus the time may be longer if slippage of notes 
24 or multiple feeds have been detected due to wear of 
components or low ambient temperature. The model al- 
so includes a time table for the passage of each of the 
picked notes 24 through sections of the feed path 78 to 
the stacking wheel 62 and on to the dispense slot 14, 
each section containing a bank note location sensor 
116, the passage of each of the notes being detected 
by the plurality of bank note location sensors 116. Again 
the time taken for the passage of a note 24 is compared 
in the task processor 124 with the predetermined ac- 
ceptable time included in the model. Again if the time 
taken for each of the notes 24 to pass from one section 
to the next tends towards the minimum or maximum al- 
lowed time, according to the model, the task processor 
124 alters the speed of rotation of one or both of the 
motors 70 and 71 to maintain the time taken within the 
predetermined acceptable range, as set out in the cur- 
rency withdrawal model. Also, if slippage or multiple 
feeding of notes 24 occurs the motor speed is altered in 
an attempt to alleviate the problem. 
[0048] Individual notes 24 are fed into the stacking 
wheel 82 forming a bundle 84 of notes prior to being 
presented to the user through the output slot 14 by the 
belt means 95,98, 1 02 and 1 04, after being stripped from 
the stacking wheel 82 by the stripper plate assembly 94. 
Therefore, the model also includes a range of accepta- 
ble rotational speeds for the stepping motor 71. 
[0049] Thus the entire passage of notes 24 from either 
of the storage cassettes 20 to the dispense slot 14 is 
modelled by the currency withdrawal model. 
[0050] Once a note 24 or bundle 84 of notes 24 have 
been successfully dispensed to the user and the user 
has removed the notes 24 and the user identity card, 
the card reading model and first currency withdrawal 
model are down loaded by the task processor 1 24 to the 
memory 136 and the task processor 124 awaits the in- 
sertion of the next user identification card by the next 



user of the ATM 2. 

[0051] There are also additional models which model 
predetermined acceptable operation of other compo- 
nents of the ATM 2 such as the printer 122 (Fig.4). 
5 [0052] When the ATM 2 is in use, information regard- 
ing the success or failure of a pick operation will be for- 
warded to the task processor 124 from the purge bin 
sensor 1 1 4 (Fig.4). This information will be added to the 
information relating to pick success already stored in the 
to task processor 124. If the most recent result tend to- 
wards the boundaries of the predetermined acceptable 
range then the task processor 124 will activate the rule 
base, from the first memory 1 36 in the CPU 4, to deter- 
mine the probable cause of the increase in the number 
is of mis-picks. For example, ambient conditions will be 
monitored to see if the temperature has fallen or risen. 
If the temperature has fallen the rule base states that 
the number of mis-picks may be reduced by increasing 
the dispense time as described above. Therefore, the 
rule base may suggest that the variation between the 
desired operation of the ATM 2 as defined by the cur- 
rency withdrawal model (ratio of unsuccessful pick op- 
erations to successful pick operations being less than a 
predetermined maximum) and the actual operation of 
the ATM 2 as detected by the sensor 114 may be over- 
come by increasing dispense time by reducing the 
speed of rotation of the drive motor 70. The speed of 
rotation of the motor 70 may be decreased incrementally 
as each successive request for currency from the ATM 
2 is processed until the ratio of unsuccessful pick oper- 
ations to successful pick operations is once again well 
below the predetermined maximum, while maintaining 
as low as possible a dispense time. 
[0053] Ambient temperature and ATM operation can 
continue to be monitored and ATM operation altered in 
dependence on fluctuations in ambient temperature. A 
table of optimum dispense times for given temperatures 
can also be stored in the task processor 1 24 so that the 
speed of rotation of the motor 70 (and possibly also that 
of the motor 71) can be set so as to optimise ATM op- 
eration. 

[0054] The rule base may also be utilised when a cur- 
rency jam is detected and the ATM 2 fails to dispense 
currency successfully. The rule base will instruct the 
task processor 1 24 to enter an 'unblocking" program, in 
which the stepping motor 71 may be instructed to run at 
different speeds and sequentially in forward and reverse 
direction, as discussed above. 
[0055] In conclusion, an ATM 2 in accordance with the 
present invention can alter its operation in dependence 
upon information provided by a plurality of sensors 
110-120 positioned throughout the ATM 2. 



1. A transaction terminal (2) including control means 
(4) for controlling the operation of said terminal (2), 
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7. A terminal according to any one of claims 2 to 6, 
characterized in that said sensors (110-116) include 
bank note location sensor means (116) arranged to 
detect when a bank note jam has occurred within 

5 said terminal (2), said control means (4) being re- 
sponsive to outputs of said bank note location sen- 
sor means (116) to reverse the operation of a motor 
(7 1 ) for driving feed means ( 1 02, 1 04) where a jam 
has occurred in an attempt to free the jam. 

10 

8. A terminal according to any preceding claim, char- 
acterized in that said control means (4) is arranged 
to alter terminal operation in response to outputs of 
said ambient environmental condition sensors 

J* (118-120). 

9. A terminal according to any preceding claim, char- 
acterized in that said control means (4) has stored 
therein a plurality of models each of which contains 

20 data characteristic of predetermined acceptable 
terminal operation for a function provided by said 
terminal (2), said control means (4) being arranged 
to load a model corresponding to a particular func- 
tion into a task processor (1 24) for use, when said 

25 function is to be performed by said terminal (2). 



and a plurality of ambient environmental condition 
sensors (118-120) in communication with said con- 
trol means (4), characterized in that the terminal (2) 
further comprises a plurality of sensors (110-116) 
for monitoring the operating characteristics of said 
terminal (2), and said control means (4) has stored 
therein data characteristic of predetermined ac- 
ceptable terminal operation, and is arranged to 
compare the outputs of said sensors (110-116) with 
said data, said control means (4) being arranged to 
alter terminal operation in response to said outputs 
in order to maintain said acceptable terminal oper- 
ation. 

2. A terminal according to claim 1, characterized by 
currency dispense means (16) arranged to pick 
bank notes from bank note storage means (20) and 
to dispense picked bank notes to a user of the ter- 
minal (2), said sensors (110-116) including a sensor 
(114) which detects the deposition of a bank note 
(24) or a bundle of bank notes (84) in a purge bin 
(108), due to a malfunction during a currency dis- 
pense transaction, and which transmits a signal to 
said control means (4) each time a bank note (24) 
or bundle (84) of bank notes is deposited in said 
purge bin (108). 

3. A terminal according to claim 2, characterized in 
that said control means (4) controls the speed of 
operation of feed means (77,78,79) utilised in trans- 
porting bank notes (24) to be dispensed to a user, 
said control means (4) being arranged to maintain 
a predetermined acceptably short dispense time 
while maintaining the ratio of unsuccessful pick op- 
erations to successful pick operations below a pre- 
determined maximum. 

4. A terminal according to either claim 2 or claim 3, 
characterized in that said currency dispense means 
(16) includes suction means (18) for picking bank 
notes (24) from said storage means (20), said con- 
trol means (4) being arranged to alter the suction 
force applied to a bank note (24) to be picked from 
said storage means (20). 

5. A terminal according to claim 4, characterized in 
that said control means (4) is arranged to alter said 
suction force by altering the time for which said suc- 
tion means (18) is in contact with a bank note (24) 
to be picked. 

6. A terminal according to claim 4, characterized in 
that said control means (4) is arranged to alter said 
suction force by altering the delay between operat- 
ing a suction pump (1 40) which generates said suc- 
tion force and opening a valve (1 42) which connects 
said suction pump (1 40) to said suction means (1 8). 



Patentanspruche 

30 1. Transaktionsterminal (2) mit einer Steuereinrich- 
tung (4) zum Steuern des Betriebs des Terminals 
(2) und einer Anzahl von mit der Steuereinrichtung 
(4) in Verbindung stehenden Umgebungsbedin- 
gungssensoren (118 bis 120), dadurch gekenn- 

35 zeichnet, daG das Terminal (2) weiterhin eine An- 
zahl von Sensoren (110 bis 116) zur Uberwachung 
der Betriebscharakteristiken des Terminals (2) ent- 
halt und die Steuereinrichtung (4) eine darin abge- 
speicherte Datencharakteristik uber einen vorgege- 

40 benen akzeptablen Terminalbetrieb aufweist und 
dazu vorgesehen ist die Ausgangssignale der Sen- 
soren (110 bis 116) mit diesen Daten zu verglei- 
chen, wobei die Steuereinrichtung (4) dazu vorge- 
sehen ist, den Terminalbetrieb in Ansprache auf die 

45 Ausgangssignale zu verandern, um den akzepta- 
blen Terminalbetrieb beizubehalten. 

2. Terminal nach Anspruch 1 , gekennzeichnet durch 
eine Geldausgabeeinrichtung (16), die dazu vorge- 

50 sehen ist Banknoten aus einer Banknotenspeicher- 
einrichtung (20) zu entnehmen und entnommene 
Banknoten an einen Benutzerdes Terminals (2) ab- 
zugeben, wobei die Sensoren (110 bis 116) einen 
Sensor (114) enthalten, welcher die Ablage einer 

55 Banknote (24) Oder eines Bundels von Banknoten 
(84) aufgrund einer Fehlfunktion wahrend einer 
Geldabgabetransaktion in einen Ablagebehalter 
(108) detektiert und welcher jedesmal, wenn eine 
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Banknote (24) Oder ein Bundel (84) von Banknoten 9. 
in den Ablagebehalter (108) abgelegt wird, ein Si- 
gnal an die Steuereinrichtung (4) Gbermittelt. 



3. Terminal nach Anspruch 2, dadurch gekennzeich- 
net, daB die Steuereinrichtung (4) die Arbeitsge- 
schwindigkeit der beim Transport ieren von an einen 
Benutzer abzugebenden Banknoten (24) verwen- 
deten Transporteinrichtung (77,78,79) steuert, wo- 
bei die Steuereinrichtung (4) dazu vorgesehen ist 
eine vorgegebene akzeptabel kurze Abgabezeit zu 
halten, wahrend das Verhaltnis von erfolglosen Ent- 
nahmevorgangen zu erfolgreichen Entnahmevor- 
gangen unter einem vorgegebenen Maximum ge- 
halten wird. 

4. Terminal nach einem der Anspruche 2 Oder 3, da- 
durch gekennzeichnet, daft die Geldabgabeeinrich- 
tung (16) eine Saugeinrichtung (18) zum Entneh- 
men von Banknoten (24) aus der Speichereinrich- 
tung (20) enthalt, wobei die Steuereinrichtung (4) 
dazu vorgesehen ist die an eine aus der Speicher- 
einrichtung (20) zu entnehmende Banknote (24) 
angelegte Saugkratt zu verandern. 

5. Terminal nach Anspruch 4, dadurch gekennzeich- 
net, daft die Steuereinrichtung (4) dazu vorgesehen 
ist, die Saugkraft durch verandern der Zeit, fur wel- 
che sich die Saugeinrichtung (18) mit einer zu ent- 
nehmenden Banknote (24) in Kontakt befindet, zu 
verandern. 

6. Terminal nach Anspruch 4, dadurch gekennzeich- 
net, daB die Steuereinrichtung (4) dazu vorgesehen 
ist, die Saugkraft durch Verandern der Verzogerung 
zwischen dem Betatigen einer die Saugkraft erzeu- 
gende Saugpumpe (1 40) und dem Offnen eines die 
Saugpumpe (1 40) mit der Saugeinrichtung ( 1 8) ver- 
bindenden Ventils (142) zu verandern. 

7. Terminal nach einem der Anspruche 2 bis 6, da- 
durch gekennzeichnet, daft die Sensoren (110 bis 
116) eine Banknotenlagesensoreinrichtung (116) 
enthalten, die dazu vorgesehen ist zu detektieren, 
wenn ein Banknotenstau innerhalb des Terminals 
(2) aufgetreten ist, wobei die Steuereinrichtung (4) 
auf Ausgangssignale der Banknotenlagesensorein- 
richtung (116) anspricht, urn den Betrieb eines Mo- 
tors (71) zum Antreiben der Transporteinrichtung 
(102,104), wo ein Stau aufgetreten ist, in dem Be- 
streben den Stau aufzulosen umzukehren. 

8. Terminal nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daf3 die Steuerein- 
richtung (4) dazu vorgesehen ist den Terminalbe- 
trieb in Ansprache auf Ausgangssignale von den 
Umgebungsbedingungssensoren (118 bis 120) zu 
verandern. 



Terminal nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daB die Steuerein- 
richtung (4) eine Anzahl von darin abgespeicherten 
Modellen aufweist, von denen jedes eine Daten- 
5 charakteristik uber einen vorgegebenen akzepta- 
blen Terminalbetrieb fur eine von dem Terminal (2) 
geleistete Funktion enthalt, wobei die Steuerein- 
richtung (4) daf Or vorgesehen ist ein einer bestimm- 
ten Funktion entsprechendes Modell zur Benutzung 
10 bei Durchfuhrung der Funktion durch das Terminal 
(2) in einen Task-Prozessor (124) zu laden. 

Revendications 

75 

1. Un terminal de transaction (2) comprenant des 
moyens de controle (4) pour controler le fonction- 
nement dudit terminal (2), et une pluralite de cap- 
teurs (118-120) des conditions ambiantes en com- 
20 munication avec lesdits moyens de controle (4), ca- 
racterise en ce que le terminal (2) contient en outre 
une pluralite de capteurs (110-116) destines a sur- 
veiller les caracteristiques de fonctionnement dudit 
terminal (2), et en ce que lesdits moyens de controle 
25 (4) contiennent des donn£es representant les pa- 
rametres caracteristiques du fonctionnement ac- 
ceptable predetermine du terminal, et en ce qu'il est 
agenc6 pour comparer les signaux de sortie desdits 
capteurs (110-116) avec lesdites donnees, lesdits 
30 moyens de contr6le (4) 6tant agenc6s pour modifier 
le fonctionnement du terminal en reponse auxdits 
signaux de sortie de facon a maintenir ledit etat de 
fonctionnement acceptable du terminal. 

35 2. Un terminal selon la Revendication 1 , caract6rise 
par des moyens de distribution d'especes (16) 
agences pour prelever des billets de banque a partir 
de moyens de stockage de billets de banques (20) 
et pour distribuer les billets de banque preleves a 
40 un utilisateur du terminal (2), lesdits capteurs 
(110-116) comprenant un capteur (114) qui detecte 
le depot d'un billet de banque (24) ou d'une liasse 
de billets de banque (84) dans un bac de purge 
(108), en raison d'une anomalie de fonctionnement 
45 au cours d'une transaction de distribution d'espe- 
ces, et qui transmet un signal auxdits moyens de 
controle (4) chaque fois qu'un billet de banque (24) 
ou qu'une liasse (84) de billets de banque est de- 
posed dans ledit bac de purge (108). 

so 

3. Un terminal selon la Revendication 2, caracterise 
en ce que les moyens de contrfile (4) contr6lent la 
vitesse de fonctionnement des moyens d'entraine- 
ment (77, 78, 79) employes pour acheminer les 
55 billets de banque (24) a distribuer a un utilisateur, 
lesdits moyens de controle (4) 6tant agences pour 
maintenir un court delai predetermine de distribu- 
tion tout en maintenant le rapport du nombre d'ope- 
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rations de pr6levement rates au nombre d'opera- 
tions r6ussies sous un maximum predetermine. 

4. Un terminal selon Tune quelconque des revendica- 
tions 2 ou 3, caracterise en ce que lesdits moyens 
de distribution d'especes (16) comportent des 
moyens de succion (18) pour prelever les billets de 
banque (24) a parti r desdits moyens de stockage 
(20), lesdits moyens de contrdle (4) etant agences 
pour laire varier la force de succion exercee sur un 
billet de banque (24) pour le prelever desdits 
moyens de stockage (20). 

5. Un terminal selon la Revendication 4, caracterise 
en ce que les moyens de controle (4) sont agences 
pour f aire varier ladite force de succion en modifiant 
la duree pendant laquelle lesdits moyens de suc- 
cion (18) sont en contact avec un billet de banque 
(24) & prelever. 

6. Un terminal selon la Revendication 4, caracterise 
en ce que lesdits moyens de controle (4) sont agen- 
ces pour faire varier ladite force de succion en fai- 
sant varier le delai entre la mise en action d'une 
pompe aspirante (140) qui produit ladite force de 
succion, et I'ouverture d'une vanne (142) qui con- 
necte ladite pompe aspirante (140) auxdits moyens 
de succion (18). 

7. Un terminal selon Tune quelconque des Revendi- 
cations 2 a 6, caracterise en ce que lesdits capteurs 
(110-116) comprennent des moyens de localisation 
de billets de banque (116) agences pour detecter 
I'occurrence de bourrages de billets de banque au 
sein dudit terminal (2), lesdits moyens de controle 
(4) reagissant aux signaux de sortie desdits 
moyens de localisation de billets de banque (116) 
pour inverser Taction d'un moteur (71) actionnant 
les moyens d'entralnement (102, 104) lorsque 
qu'un bourrage se produit, pour tenter de decoincer 
le bourrage. 

8. Un terminal selon Tune quelconque des Revendi- 
cations precedentes caracterise en ce que lesdits 
moyens de controle (4) sont agences pour modifier 
le fonctionnement du terminal en reponse aux si- 
gnaux sortant desdits capteurs (118-120) des con- 
ditions ambiantes. 

9. Un terminal selon Tune quelconque des revendica- 
tions precedentes, caracterise en ce que lesdits 
moyens de contrdle (4) contiennent en m6moire 
une pluralite de modeies contenant chacun les pa- 
rametres caract6ristiques du fonctionnement ac- 
ceptable predetermine du terminal pour une fonc- 
tion dudit terminal (2), lesdits moyens de controle 
(4) etant agences pour charger un modele corres- 
pondent a une fonction particuliere dans un proces- 



ses de tSches (124) k utiliser lorsque ladite fonc- 
tion doit etre effectuee par ledit terminal (2). 
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